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, forms an assembly of ionic components which are stabilized through a series of hydrogen bonds and chargeassisted intermolecular interactions. The title assembly crystallizes in the monoclinic C2/c space group with Z = 8. The asymmetric unit consists of a 4-(3-azaniumylpropyl)morpholin-4-ium dication, a hydrogen oxalate counter-anion and an inorganic chloride counter-anion. The organic cations and anions are connected through a network of N-HÁ Á ÁO, O-HÁ Á ÁO and C-HÁ Á ÁO hydrogen bonds, forming several intermolecular rings that can be described by the graph-set notations R 3 3 (13), R 2 1 (5), R 1 2 (5), R 2 1 (6), R 2 3 (6), R 2 2 (8) and R 3 3 (9). The 4-(3-azaniumylpropyl)morpholin-4-ium dications are interconnected through N-HÁ Á ÁO hydrogen bonds, forming C(9) chains that run diagonally along the ab face. Furthermore, the hydrogen oxalate anions are interconnected via O-HÁ Á ÁO hydrogen bonds, forming head-to-tail C(5) chains along the crystallographic b axis. The two types of chains are linked through additional N-HÁ Á ÁO and O-HÁ Á ÁO hydrogen bonds, and the hydrogen oxalate chains are sandwiched by the 4-(3-azaniumylpropyl)morpholin-4-ium chains, forming organic layers that are separated by the chloride anions. Finally, the layered three-dimensional structure is stabilized via intermolecular N-HÁ Á ÁCl and C-HÁ Á ÁCl interactions.
Introduction
As part of our continued interest in the multicomponent synthesis of compounds with the pyrrolidinedione skeleton, some of which have reportedly demonstrated promising antimicrobial properties (Gein et al., 2007) , we report here the structure of 4-(3-azaniumylpropyl)morpholin-4-ium chloride hydrogen oxalate, (I), an organic-inorganic mixed salt formed as a by-product during the synthesis of the hydrochloride salt of the pyrrolidinone carbaldehyde parent compound, 4-(benzofuran-2-carbonyl)-5-(4-tert-butylphenyl)-3-hydroxy-1-[3-(morpholin-4-yl)propyl]-1H-pyrrol-2(5H)-one, (II). Mixed salts have many practical and potential applications in the fields of magnetism and electric conductors, energy storage, solar energy conversion, as well as catalysis and the biomedical field (Hill & Prossner-McCartha, 1995; Mizuno & Misomo, 1998; Gouzerh & Proust, 1998; Proust et al., 1993; Zhuang et al., 2010; Huang et al., 2009; Zhou & Yu, 2012; You et al., 2006) . The crystal packing of such salts is often characterized by extensive hydrogen bonding and charge-assisted intermolecular interactions (Brammer et al., 2002; Huang et al., 2009 ).
Experimental

Synthesis and crystallization
Methyl (2Z)-4-(1-benzofuran-2-yl)-2-hydroxy-4-oxobut-2-enoate (0.200 g, 0.816 mmol) was dissolved in 1,4-dioxane (5 ml). One molar equivalent of 4-(3-aminopropyl)morpholine (0.816 mmol, 0.119 ml) was added to the 1,4-dioxane mixture, resulting in the formation of a yellow precipitate upon addition. One molar equivalent of 4-tert-butylbenzaldehyde (0.816 mmol, 0.137 ml) was added to the mixture which was stirred at room temperature for 5 min. 4-(Benzofuran-2-carbonyl)-5-(4-tert-butylphenyl)-3-hydroxy-1-[3-(morpholin-4-yl)propyl]-1H-pyrrol-2(5H)-one was isolated as a yellow powder (yield: 0.579 mmol, 0.291 g, 71%) and dried in vacuo. Subsequently, the dried powder (0.050 g, 0.093 mmol) was dissolved in dry methanol (2.5 ml). One drop of 15% HCl was added to this solution which was agitated to cause mixing. 4-(Benzofuran-2-carbonyl)-5-(4-tert-butylphenyl)-3-hydroxy-1-[3-(morpholin-4-yl)propyl]-1H-pyrrol-2(5H)-one hydrochloride salt, (II), precipitated out of the solution and was isolated as an off-white powder (yield: 0.0716 mmol, 0.039 g, 77%), while colourless crystals of the title salt, (I), crystallized out of the methanolic solution as a by-product (<5% yield).
Refinement
Crystal data, data collection and structure refinement details are summarized in Table 1 . All H atoms were placed in idealized positions and were allowed to ride on their parent atoms, with C-H = 0.97 Å , N-H = 0.89 Å and O-H = 0.82 Å , and with U iso (H) = 1.5U eq (C,O) for primary ammonium and hydroxy groups, and 1.2U eq (C) otherwise.
Results and discussion
The asymmetric unit of salt (I) consists of one 4-(3-azaniumylpropyl)morpholin-4-ium dication, doubly protonated at atoms N1 and N2, counter-balanced by two different anions, viz. a hydrogen oxalate anion and a chloride anion (Fig. 1) . The morpholine ring assumes a low-energy chair conformation, with the azaniumylpropyl side chain in an antiperiplanar (anti or trans) conformation [the C5-C6-C7-N2 torsion angle is 173. 05 (8) ]. All other bond lengths and angles in the 4-(3-azaniumylpropyl)morpholin-4-ium dication fall within expected ranges. Typical variations in the C-O bond lengths can be observed for the hydrogen oxalate anion; whereas the The extensive network of intermolecular interactions displayed in the structure of salt (I) can be described by a combination of graph-set motifs (Bernstein et al., 1995 (Farrugia, 2012) , PLATON (Spek, 2009 ) and publCIF (Westrip, 2010) .
Figure 1
The asymmetric unit of (I), showing the atom-numbering scheme. Displacement ellipsoids are drawn at the 50% probability level.
Table 2
Hydrogen-bond geometry (Å , ). 
H8CÁ Á ÁO4
iv distance shorter than the corresponding H8CÁ Á ÁO3 iv distance (see Table 2 for hydrogen-bond geometry and symmetry codes; Fig. 3 ). This results in a cyclic R 2 1 (5) motif. Atoms H8A and H8B link the cations in a head-to-head manner through Cl1, resulting in chains that spiral down the crystallographic b axis (Fig. 4) . Furthermore, an additional head-to-tail pairing can be observed for the cations through a weak N2-H8CÁ Á ÁO1
iii hydrogen bond. The H8CÁ Á ÁO1
iii interaction connects the 4-(3-azaniumylpropyl)morpholin-4-ium dications in a head-to-tail manner, forming C(9) chains that run diagonally along the ab face (Fig. 5a) . Furthermore, the hydrogen oxalate anions are interconnected via O-HÁ Á ÁO hydrogen bonds, forming head-to-tail C(5) chains along the crystallographic b axis (Fig. 5b) . Additional intermolecular C-HÁ Á ÁCl interactions formed between H3A and the chloride counter-ion result in chains that spiral down the crystallographic b axis (Fig. 4) . Furthermore, atom O2 is involved in interactions with H6A and N1-H1, resulting in a ring denoted R 1 2 (6) in graph-set notation, while the presence of two additional hydrogen bonds (O5-H5Á Á ÁO3
i and C3-H3BÁ Á ÁO2 i ) results in the formation of a third ring, denoted R 3 3 (12) (Fig. 3) . Due to the fact that atom O5 is a double donor to H3B and H1, several smaller rings can be identified that are contained within ring R 3 3 (13). These include R Table 2 ). All interactions in the structure are shorter than the sum of the van der Waals radii of the interacting atoms, where r(O) + r(H) = 2.72 Å and r(Cl) + r(H) = 3.00 Å (Mantina et al., 2009) . In addition, the hydrogen-bond angles range between 133 and 172 , with the exception of N1-H1Á Á ÁO5 (125 ), N2-H8CÁ Á ÁO1 iii (117 ) and the nonclassical C3-H3BÁ Á ÁO5 (114 ). Most of the interactions observed in the structure therefore correspond well to what is considered strong hydrogen bonding, thereby contributing to the stability of the structure.
Residual electron density is found on a twofold axis near atoms H6B (2.33 Å ), H2A (2.38 Å ) and Cl1 (2.89 Å ). Probing of the electron density showed it to be well positioned to be a water molecule with possible C-HÁ Á ÁO(water) hydrogen bonding to H6B and H2A, as well as showing a possible O-HÁ Á ÁCl short interaction. Refining of the residual electron density as an O atom, however, indicated that the occupancy would be very low as well as having huge uncertainty in the Hatom placement due to lack of electron density. Taking into account the low occupancy of any atom placed in this position, it is plausible that the residual electron density is an artefact in the data. program(s) used to solve structure: SHELXS97 (Sheldrick, 2008 ); program(s) used to refine structure: SHELXL97 (Sheldrick, 2008) ; molecular graphics: SHELXTL (Sheldrick, 2008) , Mercury (Macrae et al., 2006) , DIAMOND (Brandenburg, 2006) and ORTEP-3 for Windows (Farrugia, 2012) ; software used to prepare material for publication:
SHELXTL (Sheldrick, 2008) , PLATON (Spek, 2009 ) and publCIF (Westrip, 2010) .
4-(3-Azaniumylpropyl)morpholin-4-ium chloride hydrogen oxalate
Crystal data ) is used only for calculating R-factors(gt) etc. and is not relevant to the choice of reflections for refinement. R-factors based on F 2 are statistically about twice as large as those based on F, and R-factors based on ALL data will be even larger. Crystal evaluation and data collection were performed on a Bruker APEXII CCD diffractometer with Mo Kα (λ = 0.71069 Å) radiation and a diffractometer-to-crystal distance of 4.00 cm, at the Department of Chemistry, Auckland Park campus of the University of Johannesburg, South Africa. The initial cell matrix was obtained from two series of scans at different starting angles. Each series consisted of 12 frames collected at intervals of 0.5° in a 6° range with the exposure time of 10 s per frame. The reflections were successfully indexed by an automated indexing routine built in the APEXII program suite (APEX2 and SAINT; Bruker, 2012). The final cell constants were calculated from a set of 3150 strong reflections from the actual data collection. The data were collected by using the full-sphere data collection routine to survey the reciprocal space to the extent of a full sphere to a resolution of 0.75 Å. Data were harvested by collecting frames at intervals of 0.5° scans in ω and φ, with exposure times of 20 s per frame. These highly redundant data sets were corrected for Lorentz and polarization effects. The absorption correction was based on fitting a function to the empirical transmission surface as sampled by multiple equivalent measurements (SADABS; Bruker, 2012). The systematic absences in the diffraction data were uniquely consistent for the space group C2/c that yielded chemically reasonable and computationally stable refinement results. A successful solution by direct methods (SHELXS97; Sheldrick, 2008) provided all non-H atoms from the E-map. All non-H atoms were refined with anisotropic displacement parameters. The final least-squares refinement of parameters against data resulted in residuals R (based on F 2 for I ≥ 2σ) and wR (based on F 2 for all data) values unique to the crystal. 
Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (Å
